The title compounds were synthesized starting from homophthalic anhydride and a ketimine. The structure of 1'-methyl-1-oxo-2-(pyridine-3-yl-methyl)-2,4-dihydro-1H-spiro[isoquinoline-3,4'-piperidine]-4-carboxylic acid was studied by X-ray analysis, ab initio and DFT calculations and the similarity between the conformation in crystalline hydrate state and in water solution was inferred. Derivatives of the parent compound were synthesized and studied by means of theoretical calculations.
Introduction
Tetrahydroisoquinolines are a wide class of compounds with a broad range of biological activities including antitumor, 1 antibacterial, antiallergic, and psychotropic.
1.252(4) Å within the carboxyl group. The tetrahydroisoquinolin-1-one and picolyl ring systems are nearly planar with respective rms deviation of 0.164(5) and 0.007(5) Å. They are attached to each other in a conformationally fluxional way; the dihedral angle between their mean planes is 83.74(8)°. The piperidine adopts a chair conformation, moving the spiro-carbon atom out of the quinolinone plane by 0.355(2) Å. The tetrahydroisoquinoline-1-one moieties build up chains parallel to b through a single N3-H3N...O3 charge assisted hydrogen bond (Table 1 ). In the asymmetric unit of 1 each molecule is surrounded by four water molecules. 
The water molecules play a crucial role for the stabilization of the crystal structure. They are responsible for the formation of an extensive three-dimensional hydrogen bonding network between themselves and the tetrahydroisoquinoline-1-one molecules (Table 1) . This arrangement suggests similarity between the conformation in crystalline hydrate state and in water solution, which can correlate with an in vivo conformation of the molecule. The obtained structural data can provide insight for similar isoquinolinones, for which the structures in solution are not known.
To further study the structure of acid 1, ab initio and DFT calculations were performed using the GAUSSIAN 03 suite of programs. 11 The geometry of 1 was elucidated by calculations at HF/6-31+G** and B3LYP/6-31+G** levels. The B3LYP/6-31+G** optimized geometry of zwitterionic form of acid 1 is presented on Figure 3 . Selected interatomic distances are collected in Table 2 (the X-Ray numbering scheme is used). The obtained ab initio and DFT results for the geometry of zwitterionic form of 1 are in agreement with the X-ray data. In the course of the present investigation derivatives of acid 1 were synthesized and studied as well (Scheme 2). Аcid chloride 4 was synthesized in a separate step and subsequently reacted with MeOH to the ester 5. Different reaction conditions were tested to increase the yield of acid chloride and thence -of 5. The best achieved yield was 53% after purification by column chromatography. Attempts to prepare the same compound by esterification with methanol/H 2 SO 4 were unsuccessful. When the reaction was carried out in methanol in the presence of thionyl chloride, only a small amount of the ester 5 (5%) was isolated. Amides 6a-e were also synthesized through 4 and various heterocyclic secondary amines 4, 12 (Scheme 2). It is worth noting that the obtained tetrahydroisoquinolines 6a-e contain four pharmacophoric groups: the lactam-amide fragment, pyridin-3-yl-methyl, N-methyl-piperidinyl and heterocyclic amido groups.
Structural studies on 1'-methyl-2-(pyridin-3-yl-methyl)-4-(pyrrolidine-1-carbonyl)-2,4-dihydro-1H-spiro[isoquinoline-3,4'-piperidin]-1-one 6a were also performed. The geometries of the two possible isomers of 6a (with different orientation of pyrrolidine fragment) were located by calculations at HF/6-31+G** and B3LYP/6-31+G** levels ( Figure 2 ).
To estimate the solvent effect (water) on the relative stabilities of amides, the PCM 13 method was applied, as implemented in the GAUSSIAN 03 suite of programs at HF/6-31+G** and B3LYP/6-31+G** levels for the geometry optimized at the same levels of theory (PCM/HF/6-31+G**//HF/6-31+G** and PCM/B3LYP/6-31+G**//B3LYP/6-31+G** respectively). Conformation ap-6a is preferred both in gas phase and in water solution (Table 3 ). The predicted geometry of ap-6a is very close to the geometry of unsubstituted compound 1 (see Figure 3 and Table 2 ). The ab initio and DFT calculated bond distances and bond angles for zwitterionic form of 1'-methyl-1-oxo-2-(pyridine-3-yl-methyl)-2,4-dihydro-1H-spiro[isoquinoline-3,4'-piperidine]-4-carboxylic acid are in good agreement with the experimental ones. The calculations at the same levels performed for the 1'-methyl-2-(pyridin-3-yl-methyl)-4-(pyrrolidine-1-carbonyl)-2,4-dihydro-1H-spiro[isoquinoline-3,4'-piperidin]-1-one suggest that the antiperiplanar conformer is favoured.
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Experimental Section
General. All new synthesized compounds were purified by column chromatography and characterized on the basis of NMR and microanalytical data. NMR spectra were recorded on DRX Bruker Avance-250 ( 1 H at 250. For description of the NMR spectral data the arbitrary numbering given in formula of amide 6c is used (Figure 4) . 
Methyl 1'-methyl-1-oxo-2-(pyridin-3-yl-methyl)-2,4-dihydro-1H-spiro[isoquinoline-3,4'-piperidine]-4-carboxylate (5).
To a stirred suspension of acid 1 (0.002 mol) in C 6 H 6 /CHCl 3 (1:1) DMF was added (0.0002 mol). Then SOCl 2 was added dropwise and the mixture was heated at 75°C for 2.5 h. The solvents were evaporated and to the residue of acid chloride 4 CH 3 OH was added. The mixture was heated at 60°C for 1.5 h. Then was cooled and the solvent was evaporated. The residue was dissolved in 10% aq.Na 2 CO 3 and extracted with EtOAc, dried over anhydrous 123.3, 127.7, 128.7, 129.1, 132.4, 132.6, 135.1(2C), 135.7, 148.3, 165.4 (C-1), 170.3 (C-17) . Anal. Calcd. for C 22 H 25 N 3 O 3 : C, 69.64; H 6.64. Found: C, 69.54; H 6.66.
General procedure for the preparation of amides 6a-e
To the solution of acid chloride 4 (0.0013 mol) in dry THF and dry CHCl 3 (1:1) 4.5 eq. of the corresponding secondary amine were added at 10°C and the mixture was stirred at this temperature for 1 h. Then was poured into CH 2 Cl 2 (70ml), washed with brine and dried over 11-7.16 (m, 1H, 5-H), 7.19 7.23 (m, 1H, 12-H), 7.39-7.46 (m, 2H, 6-, 7-H), 7.99-8.02 (m, 1H, 13-H), 8.17-8.21 (m, 1H, 8-H), 8.45 (dd, 1H, 11-H, J = 4.8 85 (d, 1H, J = 10.9 Hz), 4H, 2H, 2H, 4.71 (s, 1H, 4.71 (d, 1H, J = 16.1 Hz) 5.21 (d, 1H, J = 16.1 Hz), 3H, 7.19 (d, 1H, J = 6.96 Hz), 3H, 2H, 8.00 (d, 1H, J = 7.6 Hz), 8.22 (d, 1H, 8.49 (bs, 1H, 8.67 (bs, 1H, ; 
